



















































































































































The	 incidence	of	 renal	 cell	 carcinoma	 (RCC)	 is	 still	 rising	 in	most	 countries	of	 the	










histologic	 types	 are	 clear	 cell,	 papillary	 and	 chromophobe	 RCC	 [6].	 Risk	 factors	
include	 tobacco	 smoking,	 obesity,	 hypertension	 and	 a	 positive	 family	 history	 for	
renal	cancer	 [7].	A	protective	effect	has	been	reported	for	a	diet	rich	 in	 fruit	and	
vegetables	[7]	as	well	as	for	moderate	alcohol	consumption	[8].	There	are	a	number	
of	 genetic	 cancer	 syndromes	 associated	 with	 RCC,	 such	 as	 Von-Hippel-Lindau	






poorer	prognosis	 [9].	Haematogenous	metastatic	 spread	 is	 common	and	 in	 some	
cases	 already	 present	 at	 an	 early	 stage	 of	 disease	 [5].	 Apart	 from	 tumour	 stage,	




































































































of	 factors	 that	 can	 hamper	 a	 reliable	 diagnosis.	 With	 the	 growing	 number	 of	
incidentally	detected	RCC,	also	the	amount	of	unexpected	benign	renal	masses	at	






























inclusion	and	exclusion	criteria.	Relevant	data	 is	extracted	 from	the	 included	 full-
texts	into	a	data	abstraction	table	and	methodological	quality	is	assessed.	If	a	meta-
analysis	is	possible,	the	results	from	two	or	more	studies	are	combined	using	specific	









instrument	 recommended	 by	 the	 Cochrane	 collaboration	 for	 assessing	
methodological	quality	in	DTA	reviews	is	the	QUADAS-2	tool	[16].	










Medline,	Medline	 In-Process,	 Embase,	 The	 Cochrane	 Library,	 Latin	 American	 and	
Caribbean	Health	Sciences	(LILACS),	Web	of	Science	as	well	as	through	conference	
proceedings	 (2012	 and	 2013	 ASCO	 Annual	 Meeting).	 The	 search	 strategy	 for	
Medline,	 Medline	 In-Process	 and	 Embase	 can	 be	 seen	 below.	 Search	 items	
comprised	“renal	cell	carcinoma”	and	related	terms	as	the	target	condition,	imaging	






















13. (MDCT	 or	 CECT	 or	 CT-PET	 or	 magnetic	 resonance	 imaging	 or	 MRI	 or	 ultrasound	 or	






















































































target	 condition,	 incomplete	 data,	 inadequate	 reference	 standard,	 reviews,	






appropriate	 data	 abstraction	 form.	 Information	 was	 collected	 about	 the	 study	
design,	 aims	 and	 conclusions	 of	 the	 study,	 patient	 and	 tumour	 characteristics,	
reference	standard,	interventions	and	outcome	measures.		
Subsequently,	the	risk	of	bias	for	each	study	was	assessed	using	the	QUADAS-2	tool	









The	 primary	 outcome	 measures	 assessed	 were	 accuracy,	 sensitivity,	 specificity,	
positive	and	negative	predictive	value	 (PPV/NPV)	 for	diagnosing	and	staging	RCC.	
Whenever	 possible,	 data	 was	 pooled	 and	 median	 sensitivity/specificity	 was	
calculated.	 Information	 was	 summarised	 by	 imaging	 modality	 and	 by	 similar	










Through	 database	 searching,	 4593	 abstracts	 matching	 our	 search	 items	 were	
identified.	Out	of	these,	182	abstracts	were	selected	for	full	text	screening.		As	six	
articles	were	not	possible	to	be	retrieved,	we	ended	up	with	176	papers	for	full	text	
screening.	 In	 total,	 40	 studies	 comprising	 4354	 patients	 were	 eligible	 for	 data	
abstraction	and	analysis.	
Out	of	the	40	included	studies,	22	were	case	series	investigating	only	one	imaging	
modality,	 while	 18	 were	 comparative	 studies,	 examining	 two	 or	 more	 different	













such	 as	 diffusion-weighted,	 contrast-enhanced	 or	 blood	 oxygen	 level-dependent	






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in	 the	 characterisation	 of	 renal	 tumours.	 While	 CECT	 only	 reached	 a	 median	
sensitivity	of	81%	(IQR	72.5-87.5%)	in	these	studies,	CEUS	was	able	to	achieve	94%	
(IQR	91-98%).	Regarding	specificity	though,	values	were	equally	poor	with	a	median	
of	 64%	 for	 both	 imaging	modalities	 (IQR	 50.5-70%	 for	 CECT	 and	 51.5-72.5%	 for	
CEUS).	








Three	studies	 [18,	21,	23]	only	 included	renal	masses	≤	4	cm	 in	 their	analysis.	All	
three	 studies	 displayed	 high	 sensitivity	 with	 a	 median	 of	 85%	 (range	 81-94%)	
combined	with	a	mediocre	median	specificity	of	64%	(range	41-84%).	




Finally,	 five	 studies	 [21,	 25,	 28,	 31,	 32]	 analysed	 the	 performance	 of	 CT	 in	 the	
discrimination	 of	 clear	 cell	 RCC	 (ccRCC)	 from	 other	 RCC	 subtypes.	 In	 the	
differentiation	 of	 ccRCC	 from	 papillary	 RCC	 (pRCC)	 they	 were	 able	 to	 provide	 a	
median	 sensitivity	of	94.5%	 (IQR	91-95.75%)	and	 specificity	of	83.5%	 (IQR	67.25-
92%)	[21,	28,	31,	32].	Regarding	the	discrimination	of	ccRCC	from	chromophobe	RCC	
(chRCC),	a	median	sensitivity	of	92%	and	specificity	of	79%	was	reached	[21,	25,	28].	
For	 differentiating	 ccRCC	 from	 non-ccRCC	 in	 general,	 a	 median	 sensitivity	 and	
specificity	of	79%	and	95.5%	was	attained	in	one	study	[31].	
	
Nine	 studies	 investigated	 the	 eligibility	 of	 CECT	 for	 staging	 RCC.	 In	 total,	 staging	
accuracy	was	very	good.	
General	 staging	 sensitivity	 [33]	 reached	 a	median	of	 87%	 (88%	and	86%	 for	 two	
different	readers)	and	a	median	specificity	of	74.5%	(72%/77%).	For	the	detection	of	
tumour	 thrombus	 [34,	 35],	 median	 sensitivity	 was	 77.5%	 and	 specificity	 81%.	


































Kutman	2013	 Dynamic	contrast	enhanced	CT	 88%	 87%	



































Various	 different	 imaging	 modes	 were	 used,	 such	 as	 diffusion-weighted	 (DW),	
dynamic	contrast-enhanced	(DCE)	and	blood	oxygen	level-dependent	(BOLD)	MRI	as	










(range	 65-99%)	 respectively.	 The	 lower	 sensitivity	 in	 the	 second	 study	 combined	
with	the	higher	specificity	could	be	due	to	the	fact	that	only	renal	masses	≤	4	cm	
were	included.	









Another	 four	 studies	 [43-45,	 47]	 examined	 the	 ability	 to	 differentiate	 between	
different	RCC	subtypes	on	MRI.		
One	of	them	[44]	compared	the	eligibility	of	diffusion-weighted	(DW),	blood	oxygen	
level-dependent	 (BOLD)	 and	 dynamic	 contrast-enhanced	 (DCE)	 MRI	 in	 the	
differentiation	 of	 ccRCC	 from	 pRCC.	 All	 three	 modes	 were	 able	 to	 achieve	 a	






















Study	 Intervention	 Sensitivity	 Specificity	






























Sasiwimonphan	2012	 MRI	 73%	 99%	






















Three	 studies	 [24,	 50,	 51]	 compared	 the	 diagnostic	 value	 of	 unenhanced	
conventional	 ultrasound	 to	 CEUS	 and/or	 CECT.	 	 All	 of	 them	 reported	 very	 poor	
diagnostic	accuracy	values	for	the	diagnosis	of	RCC	with	a	median	sensitivity	of	56%	
(range	46-60%)	and	specificity	of	71%	(range	12-73%).	Especially	in	the	diagnosis	of	




AML	 and	 oncocytoma,	 diagnostic	 accuracy	 was	 slightly	 better	 with	 a	 median	





Study	 Intervention	 Sensitivity	 Specificity	
Chen	2015	 Unenhanced	sonography	 56%	 71%	
Li	2013	 Unenhanced	sonography	 60%	 73%	




















All	 in	 all,	 CEUS	 was	 able	 to	 achieve	 excellent	 sensitivity	 values	 combined	 with	
mediocre	specificity.	Specificity	values	were	rather	heterogeneous	with	a	median	of	












Another	study	[30]	 investigated	CEUS	 in	the	detection	of	renal	vein	 invasion.	 In	a	
population	with	12	patients	displaying	renal	vein	invasion	out	of	106	patients	with	





Study	 Intervention	 Sensitivity	 Specificity	
Chen	2015	 CEUS	 89%	 81%	
Ignee	2010	 CEUS	 97%	 45%	
Jiang	2008	 CEUS	 100%	 64%	
Li	2011	 CEUS	 93%	 71%	
Li	2013	 CEUS	 93%	 97%	
Quaia	2008	 CEUS	 89%	 74%	
Tamai	2005	 CEUS	 94%	 46%	
Xu	2010	 CEUS	 88%	 97%	
Xue	2015	 CEUS	 53%	 97%	








The	 use	 of	 PET/CT	 in	 the	 characterisation	 of	 renal	masses	was	 evaluated	 in	 four	









PET/CT	 with	 that	 of	 contrast-enhanced	 CT.	 Recruiting	 a	 large	 population	 of	 195	
patients	with	a	wide	variety	of	renal	tumours,	PET/CT	was	able	to	attain	sensitivity	
and	specificity	values	of	86%	and	86%.	










Study	 Intervention	 Sensitivity	 Specificity	
Ak	2005	 18F-FDG-PET/CT	 86%	 75%	





A	 number	 of	 studies	 focused	 on	 specific	 questions	 within	 the	 broad	 topic	 of	
characterisation	of	renal	masses.	Some	only	included	certain	kinds	of	tumours,	such	
as	small	renal	masses	or	complex	cystic	renal	masses.	Others	specifically	investigated	























































CECT,	 MRI	 and	 colour	 Doppler	 ultrasound.	 CECT	 was	 used	 in	 both	 studies,	 but	
yielded	 varying	 results	 with	 a	 median	 sensitivity	 of	 77.5%	 (range	 62-93%)	 and	






Regarding	 perinephric	 fat	 invasion,	 three	 studies	 [36-38]	 found	 CECT	 to	 provide	
satisfactory	median	sensitivity	of	76%	(IQR	68.25%-83.75%)	and	specificity	of	71.5%	
(IQR	 59.75%-71.5%).	 MRI	 was	 able	 to	 yield	 similar	 sensitivity	 (72%)	 but	 higher	
specificity	(93%)	[36].		
Concerning	 muscular	 venous	 branch	 invasion,	 two	 studies	 [39,	 49]	 reported	
excellent	sensitivity	for	both	CECT	(94%)	[39]	and	MRI	(100%)	[49]	combined	with	
poor	specificity	(30%	vs.	42%).	

















needed	 for	 the	assessment	was	not	mentioned	by	 the	studies.	For	 the	 reference	








clarify	whether	 a	 consecutive	 or	 random	 sample	 of	 patients	was	 included	 and	 if	
inappropriate	exclusions	were	avoided.		

























specific	questions	concerning	 the	 staging	and	exact	determination	of	 the	 tumour	
spread,	 different	 imaging	 techniques	 may	 be	 useful	 depending	 on	 the	 aspect	
examined.		
For	 ultrasound,	 the	 results	 varied	 strongly	 depending	 on	 the	 corresponding	
technique.	CEUS	was	able	to	achieve	excellent	overall	diagnostic	sensitivity	with	a	


























The	 PICO	 (population,	 intervention,	 comparison	 and	 outcomes)	 elements	 of	 the	
research	 question	 were	 developed	 by	 an	 expert	 panel	 of	 urologists	 (EAU	 RCC	









potential	 for	 selection	 bias	 in	 the	 process	 of	 study	 selection	 and	 for	 differential-
	 36	
verification	bias	due	to	variations	in	the	reference	standard	(e.g.	different	follow-up	
















MR	 techniques.	 Studies	 examining	 contrast-enhanced	 CT	 used	 monophasic,	
biphasic,	triphasic	or	quadriphasic	techniques	with	single-	or	multidetector	scanners.	
This	heterogeneity	of	data	makes	it	hard	to	draw	general	conclusions.	





















for	 contrast-enhanced	 CT	 include	 allergies	 to	 contrast	 medium,	 pregnancy	 and	
thyroid	carcinoma.	But	also	for	MRI	certain	risks	and	contraindications	have	to	be	
considered.	 Apart	 from	 the	 interaction	 with	 pacemakers	 and	 all	 kinds	 of	














discovered	 incidentally	on	ultrasound.	Further	research	 is	 required	on	the	role	of	
PET/CT	in	the	characterisation	of	renal	masses.	
However,	because	of	the	moderate	methodological	quality	of	many	of	the	current	










measures	 in	many	Western	 countries	 [1,	 3].	However,	 for	 treatment	planning	an	
accurate	diagnosis	is	essential.	














were	 retrospective	and	about	half	of	 them	were	case	 series,	examining	only	one	
imaging	modality.	There	is	a	strong	heterogeneity	of	data	due	to	the	large	variety	in	
imaging	techniques	and	tumour	histotypes,	which	made	it	hard	to	draw	any	general	
conclusions.	 Hence,	 there	 is	 a	 need	 for	 future	 well-designed	 large	 prospective	







Europas	 und	 Nordamerikas	 eine	 Stabilisierung	 oder	 sogar	 ein	 Rückgang	 der	
Mortalität	 erzielt	 werden	 [1].	 Grund	 dafür	 ist	 eine	wachsende	 Anzahl	 inzidentell	
diagnostizierter	renaler	Raumforderungen	bei	gleichzeitiger	Verfügbarkeit	besserer	
therapeutischer	 Möglichkeiten	 [1,	 3].	 Für	 die	 Therapieplanung	 ist	 eine	 präzise	
Diagnosestellung	jedoch	unerlässlich.		
Ziel	dieses	Reviews	 ist	es,	die	diagnostische	Leistung	von	Kontrastmittel-CT	 in	der	










der	 Ergebnisse	 in	 Abhängigkeit	 von	 der	 verwendeten	Untersuchungstechnik.	 Der	
kontrastmittelgestützte	Ultraschall	konnte	eine	exzellente	diagnostische	Sensitivität	
erreichen,	 wohingegen	 die	 konventionelle	 Sonographie	 eine	 eher	 schwache	
diagnostische	 Reliabilität	 zeigte.	 PET/CT	 erreichte	 eine	 gute	 diagnostische	
Sensitivität	und	Spezifität,	die	jedoch	auf	einer	relativ	geringen	Anzahl	von	Studien	
beruhen.	 Für	 spezielle	 Fragestellungen	kann	auch	die	Kombination	verschiedener	
Bildgebungen	 sinnvoll	 sein,	 insbesondere	 die	 von	 CT	 oder	 MRT	 mit	 der	
Kontrastmittel-Sonographie.		
Es	 gilt	 jedoch	 zu	 bedenken,	 dass	 der	 Review	 einige	 Limitierungen	 aufweist.	 Alle	
eingeschlossenen	Studien	waren	retrospektiv	und	bei	etwa	der	Hälfte	handelt	es	sich	
um	 Fallserien	 mit	 nur	 einer	 Art	 von	 Bildgebung.	 Allgemeine	 Schlussfolgerungen	
wurden	durch	die	starke	Heterogenität	der	Daten	aufgrund	der	großen	Vielfalt	an	
	 41	
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